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Abstract. The nature of dark matter is still an open problem. The simplest assumption
is that gravity is the only force coupled certainly to dark matter and thus the micro black
holes could be a viable candidate. We investigated the possibility of direct detection of micro
black holes with masses around and upward the Planck scale (10−5 g), ensuring classical
gravitational treatment of these objects in the next generation of huge LAr detectors. We
show that the signals (ionization and scintillations) produced in LAr enable the discrimination
between micro black holes or other particles. It is expected that the trajectories of these micro
black holes will appear as crossing the whole active medium, in any direction, producing
uniform ionization and scintillation on all the path.
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1 Introduction
There is a general consensus that the observable universe contains 72% dark energy, 24%
dark matter and only 4% ordinary matter. Following the arguments of Paul Frampton [1],
the only interaction which we know for certain to be experienced by dark matter is gravity
and the simplest assumption is that gravity is the only force coupled to dark matter. There
is no strong argument that the weak interaction must be automatically considered in dark
matter interactions. The possible candidates for dark matter constituents are axions, WIMPs,
baryonic MACHOs, neutrino (axino, gravitino), etc. The possibility that nonâĂŞradiating
“micro” black holes - µBH exist should be taken seriously; such black holes could be part of
the dark matter in the Universe. Any possibility to observe or to determine observational
limits on the number of µBH (independent of the assumption that they radiate) is very useful.
An important issue is to show that black holes do not radiate in some conditions and
which are their characteristics, as an argument to explain that these relics objects can survive
from early Universe. We would need to detect the black holes or to have strong indirect
evidence of their existence, as well as to show that they do not radiate. At present we are far
from doing this.
In a classical paper, Hawking [2] suggested that unidentified tracks in the photographs
taken in old bubble chamber detectors could be explained as signals of gravitationally col-
lapsed objects (µBH). The mechanism of black hole formation is well known. As a result of
fluctuations in the early Universe, a large number of gravitationally collapsed objects can be
formed with characteristics determined by the gravity and quantum behaviour. For masses
above the Planck mass limit of 10−5 g quantum behaviour is prevented.
The small black holes are expected to be unstable due to Hawking radiation, but the
evaporation is not well-understood at masses of order of the Planck scale. Helfer [3] has shown
that none of the derivations that have been given for the prediction of radiation from black
holes is convincing. It argued that all involve, at some point, speculations on the physics
at scales which are not merely orders of magnitude beyond any investigated experimentally
(∼ 103 GeV), but at scales increasing beyond the Planck scale (∼ 1019 GeV), where essentially
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quantum-gravitational effects are expected to be dominant and various derivations that have
been put forward, not all are mutually consistent.
Given the profound nature of the issues addressed, some disagreement and controversy
exists over exactly what has been achieved. Balbinot [4] demonstrated that when a black
hole becomes more and more charged, the Hawking radiation decreases and in the limit
of maximum charge containment there is no radiation. Certain inflation models naturally
assume the formation of a large number of small black hole [5] and the GUP may indeed
prevent total evaporation of small black holes by dynamics and not by symmetry, just like
the prevention of hydrogen atom from collapse by the standard uncertainty principle [6].
Chavda and Chavda [7] introduced a different idea: gravitationally bound black holes will
not have Hawking radiation. They examine the range 10−24 kg ≤ MBH ≤ 10−12 kg where
quantum aspects must be considered. These limits of masses are controversial regarding the
stability of the black holes, see for example [8].
Neutral or charged micro black holes? In the paper of Lehmann and co-workers
[9] the authors discuss a possible scenario about the accumulation of electric charge. In this
scenario, the black hole evaporates, it emits charged particles of both signs, and it does so
stochastically. Thus, during the evaporation process, non-zero electric charges are generated.
If evaporation is cut off sharply at some mass scale in the order of MPl, the black hole might
be frozen with leftover electric charge of random sign. Hawking argues that black holes can
carry an electric charge |Z| ≤ 30 in electron units.
Moving in a material medium, depending on the electric charge, these primordial µBH
can capture electrons or protons to form neutral "atoms", but also starting from this state
the stripping processes can be considered.
A µBH with electric charge is an object able to capture electromagnetically electrons
or protons depending on its charge, up to the formation of an atom, and also bounds these
particles gravitationally. Ordinary gravitational orbits are in the high quantum number,
continuum classical limit. Newtonian gravity is generally valid for r > 10 RBH since the
difference between Einstein’s general relativity and Newtonian gravitation gets small in this
region. Using the prescription of Rabinowitz, pages 38-40 from reference [8], the gravitational
binding energy of a proton is Egravb ≈ 23.5 MeV and for the electron the value is decreased
with the ratio between masses, respectively.
In this paper we present arguments in favour of the possibility of direct detection of such
µBH in LAr detectors, based on their interactions in the material of the target.
2 Detection mechanisms
2.1 Rates
Recent estimates from global methods for dark matter densities lie in the range (0.2 − 0.6)
GeV/cm3. A major source of uncertainty is the contribution of baryons (stars, gas, and
stellar remnants) to the local dynamical mass. New studies of the local DM density from
Gaia satellite data yield (0.4 − 1.5) GeV/cm3, depending on the type of stars used in the
study. An updated halo model predicts values of (0.55±0.17) GeV/cm3, where the 30% error
accounts for the systematics [10]. Other observational quantities of interest are the local
circular speed vc and the escape velocity vesc. The obtained values are vc = (218 - 246) km/s
and vesc = 533+54−41 km/s [10]. We expect these very low mass objects to have velocities in the
range from 250 km/s up to 1000 km/s because their primary motion is under the effect of the
gravity.
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Detector Reference Technology Active Mass of Argon
DarkSide [12] Dual-Phase 33 kg
ArDM [13] Dual-Phase 850 kg
MiniCLEAN [14] Single-Phase 500 kg
DEAP [15] Single-Phase 3600 kg
ArgoNeuT [16] Single-Phase 0.02 ton
MicroBooNE [17] Single-Phase 170 ton
ICARUS [18] Single-Phase 600 ton
ProtoDUNE-SP [19] Single-Phase 770 ton
ProtoDUNE-DP [20] Dual-Phase 760 ton
DUNE [21] Single+Dual-Phase up to 4 × 10 kton
Table 1: Current Ar experiments and future projects.
In the hypothesis that the single components of the dark matter are the µBH objects,
the flux can be calculated as:
ΦµBH ∼= ρDM
MµBH
vDM ∼= 1.6× [10−16 ÷ 10−35] part/(m2s). (2.1)
where: ρDM=0.35 GeV/cm3, vDM=250 km/s and MµBH=
[
10−5 ÷ 1014] g.
The interaction of the neutral black hole atoms with ordinary matter via the gravitational
dynamical friction effect is extremely weak, as it was first shown in [5].This is due to the
extremely small cross-section, in the order of ∼ pir2g × (c/v)2 ∼ 3× 10−60 m2 [11] .
In very simplified approximation, the total rate R (no correction considered) is equal to
R = flux× number of target particles× cross section. (2.2)
In accordance with Hawking [2], for elastic collisions of neutral black hole atoms, the
cross section is in the order of 10−20 m2 for an electronic atom and 10−27 m2 for a protonic one.
The number of target particles (Nt) is calculated as: Nt = NAMtA where NA is AvogadroâĂŹs
number, (A, Mt) are the mass number and mass of the target (detector). Thus the rate of
events is:
R [part./year] = 7.6×Mt [kg]×

10−48 gravitational interaction
10−8 elastic; for“electronic atom”
10−15 elastic; for“protonic atom”
(2.3)
where the last column is the multiplicative factor considering the gravitational interaction,
elastic scattering for the âĂĲelectronic atomâĂİ and the âĂĲprotonic atomâĂİ respectively.
In Table 1 we present a compilation of the current experiments and future projects on
neutrino physics that are able to detect these objects.
For many of these experiments, the target masses are insufficient to achieve realistic
interaction rates. In these very rough estimations, around 3 events/ year are expected for the
DUNE detector with all 4 modules.
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2.2 Gravitational, electronic and nuclear energy loss
When a projectile interacts with Ar, it loses energy by gravitational interactions, and/or
transfers energy to atomic electrons producing ionizations and excitations, and/or interact
elastically directly with nuclei as Coulomb processes.
The gravitational effects in the transmission of µBH through matter can be estimated
in the classical impulse approximation using the analogy with the Bohr formalism for ions.
The µBH energy loss per unit length is
dE
dx
=
4piG2M2ρ
v2
ln
(
bmax
bmin
)
∼ 4piG
2M2ρ
v2
× (10÷ 30) . (2.4)
where G is NewtonâĂŹs constant, ρ= m×n is the mass density of the target particles with
n the number density of the target particles. The term ln
(
bmax
bmin
)
changes weakly for a very
large domain of impact parameters due to the logarithmic dependence. A value between 10
and 30 was suggested by Rabinowitz [8].
At very low energies, the interaction of the µBH with nuclei gets dominant compared
with the contribution of the interaction with electrons. In the second step, recoil nuclei
interact also with electrons and other nuclei up to their stopping in LAr and the energy
transferred can be neglected.
Electronic and nuclear stopping powers are calculated using the procedure used by
Lazanu and Lazanu in previous papers [22, 23]. The energy transferred in electronic pro-
cesses is used for ionization and for excitation of the electrons.
In fact, one can consider the LAr as consisting of two subsystems: electronic and nuclear.
The energy lost by the projectile is partitioned between these subsystems, which have different
energy distributions, equivalent with two different temperatures. For a transient period of
time a transfer of energy between subsystems must be considered simultaneously with the
diffusion of heat in space.
In this case the primary interaction in LAr, seen as binary process, takes place under the
condition M  mi, with i = Ar, e; in both cases the maximum transferred energy is
EK, max ∼= 2mic2β2γ2.
For velocities of µBH of 250÷1000 km/s, the kinetic energy transferred in an interac-
tion to electrons is of the order 1÷10 eV and (51.7÷827.2) keV to argon nuclei respectively.
Ionization potential in the liquid phase is 13.4 eV. The average energy required to produce
an electron-ion pair in LAr is Wi = 23.6± 0.3 eV, a value that is smaller than that obtained
in gaseous argon Wg = 26.4eV. In these circumstances µBHs have a small contribution to
excitation and ionization processes, while nuclear processes are dominant.
2.3 The electronic stopping powers
In this low energy range of the µBH of interest here, the electronic stopping of the charged
incoming particle in the target is treated within the local density approximation; the ion-
target interaction is treated as that of a particle with a density averaged free electron gas.
The basic assumptions of this approximation are: a) the electron density in the target varies
slowly with position. b) available electron energy levels and transition strengths are described
by those in a free electron gas and there are no significant band-gap effects. c) the charge of
the ion can be reduced to a scalar quantity called the ion’s effective charge.
The concrete procedure to define the effective charge of the ion is through the square of
the ratio between the stopping power of the ion and the stopping power of hydrogen, while
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the effective charge of the hydrogen depends also on the kinetic energy and projectile mass
[24].
At low energies, LindhardâĂŹs formula [25] is used, where the energy loss is proportional
to the velocity.
The electronic (masic) stopping power is
Sel (E) =
1
ρ
×
(
dE
dx
)
el
= 2.307× 109 × Z
7/6ZAr(
Z2/3 + Z
2/3
Ar
)3/2 × 1AAr ×
(
E
A
)1/2
. (2.5)
in units of [eV × cm2/g]. In this equation E is given in keV, A in atomic mass units, and Z
is the effective charge of the µBH.
At high energies, if the velocity of projectile is v>vBohr of electrons in atom, the elec-
tronic stopping power is calculated using Bethe-Bloch formula. Due to their intrinsic neu-
trality, WIMPs do not interact directly with electrons; they can interact as a singular process
with nuclei, and ionizations and excitations are only produced by the recoil nuclei. µBHs,
even if at a certain moment could be âĂĲneutral protonic or electronic atomsâĂİ, capture or
stripping reactions take place and thus, µBHs will interact in matter by Coulomb interactions.
2.4 The nuclear stopping power
The nuclear stopping power is calculated using Ziegler, Biesack, Litmark formalism [26]. The
reduced energy ε is defined as:
ε =
32.53 AAr
A+AAr
× E
ZZAr
(
Z2/3 + Z
2/3
Ar
)1/2 . (2.6)
where the energy E is expressed in keV. Correspondingly, the reduced nuclear stopping cross
section:
Sn (ε) =
1
2
ln (1 + ε)
ε+ 0.10718 ε0.37544
. (2.7)
With these definitions, the nuclear masic stopping power is:
Snucl (E) =
1
ρ
×
(
dE
dx
)
nucl
= 5.097× 109 ZZAr
(A+AAr)
(
Z2/3 + Z
2/3
Ar
)1/2 × AAAr × Sn (ε) (2.8)
in units of [eV × cm2/g]. In the first step, when the µBH interacts directly in the detector,
the charge and mass numbers are Z → ZµBH (effective charge) and A → AµBH ; in all the
other cases, the projectile is the Ar self-recoil so Z → ZAr (effective charge) and A→ AAr.
For charged µBH and for ions moving in matter, in the calculus of electronic stopping
their effective charge must be considered and this value varies with the velocity.
3 Production of scintillation light in liquid argon
Following the model of Doke and co-workers [27], in argon, two distinct ways as possible for
scintillations:
(i) R∗ :
R∗ +R+R→ R∗2 +R
R∗2 → 2R+ hν
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(ii) R+ :
R+ +R→ R+2
R+2 + e
− → R∗∗ +R
R∗∗ → R∗ + heat
R∗ +R+R→ R∗2 +R
R∗2 → 2R+ hν
In processes (i) and (ii), the excited dimer at the lowest excited level should be de-
excited to the dissociative ground state by emitting a single UV photon, because the energy
gap between the lowest excitation level and the ground level is so large that there exists no
decay channel such as nonradiative transitions. Although this is not yet fully confirmed by
experiments, authors assume that each excited dimer emits a single photon.
After the interaction of the incident particle, singlet and triplet dimers will be produced,
and the scintillation is a product of the two radiative decays following the excitation process.
Liquid and gaseous argon are transparent to its own scintillation light. In the case of double
phase technology, ionizations and scintillations are produced in both phases. In accordance
with [30], the singlet decays quickly, being responsible for most of the prompt light seen in the
scintillation spectrum, whereas the triplet decays with a longer lifetime. The time constants
of the singlet and triplet decays have been measured in all phases and their lifetimes, both in
ns, are: 7.0 ± 1.0 and 1600 ± 100 respectively. The existence of different impurities in argon
put in evidence the differences in the emission spectra of liquid and gaseous phases [28, 29].
In LAr, the spectrum is dominated by an emission feature 126.8 nm or 9.78 keV equivalent
value analogues to the 2nd excimer continuum in the gas phase [31], confirming the previous
results of Doke [27]. Weak-emission features in the wavelength range from 145 to 300 nm
were observed. The structure at 155 nm in the gas phase has only a very weak analogue in
the liquid phase. The structure at longer wavelengths up to 320 nm is addressed as the 3rd
continuum emission in the gas phase.
Inspired by Refs. [32] and [33] the response of LAr to electronic excitation is presented
in Figure 1. Recently, in different and successive experiments, the ionization yield of nuclear
recoils in LAr have been measured in the lower energy range: at 6.7 keV [34], 17 - 57 keV [35]
and at higher energies, at 80 and 233 keV [36]. These measurements cover part of the energy
range of interest for the present study. Because the present analysis is not dedicated to the
detection possibilities specific to a particular experiment, we will make only a few general
considerations. The S1 and S2 light yields depend on the strength of electric field in drift
interaction region, mainly due to recombination effect of ionizing electrons. Unfortunately,
the basic properties of S1 and S2 of argon are not well known. Recently, Washimi and co-
workers [37, 38] focused their studies on the drift-field dependence of S2/S1 properties for the
interval 0.2 - 3.0 kV/cm, of interest for two-phase argon detectors. In figure 2 from reference
[38] the drift field dependences of S1 and S2 signals are presented, as well as the S2/S1 ratio
properties with a two-phase detector at drift-fields [37].
4 Results and discussions
The gravitational energy loss for a µBH of 10−5 g mass and 250 km/s velocity, evaluated
using eq. (4) is in the order 0.9 × 10−21 keV cm2/g, and in the next discussion it will be
neglected in respect to the electronic and nuclear energy loss.
In Figure 2 we present the velocity dependence of the nuclear and electronic energy loss
in LAr for the µBH and for Ar recoils produced in the interaction of the µBH in the detector.
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Particle
Deposited energy
Nuclear deposited energyElectronic deposited energy
ExcitationIonization
Escape
Electron drift
Recombination
Singlet 1∑u*Triplet 1∑u*
S2 S1 (slow signal) S1 (fast signal)
Figure 1: The liquid argon response to interaction of incident charged particle.
As we specified earlier, for WIMPs interactions there is no electronic energy loss pro-
duced, but only that due to recoil-induced processes. For comparison with the µBH, the
energy loss of a heavy ion (uranium was considered as example) in LAr is also included in
the figure, at the same velocities, allowing to highlight the differences expected in the signals
resulting from the interactions. One can see that the U ion has higher energy loss than the
µBH, both nuclear and electronic. The energy loss for the µBH was calculated using eqs. 2.5
and 2.6, while the values for Ar and U are from SRIM [39]. The results put clearly in evidence
the peculiarities of the energy losses of µBHs both in electronic and nuclear processes, com-
pared with Ar self-recoils and with uranium ions. For µBH and for U ions in LAr, the nuclear
energy loss is greater than the electronic energy loss in the range of velocities investigated.
For recoil Ar nuclei, the electronic energy loss is greater above 1200 km/s.
Transient thermal processes follow the scattering process, when an appreciable amount
of energy is released in a small region of a material, and in a very short time interval. There
are more models in the literature for these processes, one of them being the thermal spike. In
this model, there are two subsystems, namely electrons and nuclei, which are coupled through
the energy transfer, which could take place in both directions.
Heat diffusion in both subsystems is described by the classical heat equation, supposing
the existence of two sources: one source is given by the energy released through electronic
energy loss, the other by nuclear energy loss. The consideration of two sources is compulsory
in the regime of comparable electronic and nuclear energy losses. This thermodynamic model
is not the most appropriate way to follow, but the only one for which the formalism allows an
unambiguous approach. A detailed description of the model, equations and steps to solve the
time and space evolution of both subsystems is discussed in reference [40]. Nuclear energy
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Figure 2: Electronic (lines) and nuclear (dashed lines) energy loss for the µBH, Ar selfrecoils
and U ions in LAr.
loss is dominant at the end of range, or at low kinetic energies, while the electronic stopping
becomes more and more important at high energies. Both recoils and secondary electrons
produce heating effects in spreading their energy.
The thermal spike model was developed initially by Koehler and Seitz [41] for effects
produced by irradiation in crystals and by Seitz to explain bubble formation due to charged
particles interacting in liquids [42]. Toulemonde et al. [43] have applied the thermal spike
model to water. The electronic and atomic (or molecular) sub-systems in the LAr target
have different temperatures, and are coupled through a term proportional to the temperature
difference between them. The energy depositions around the trajectories of ions in fluids were
modelled as thermal spikes and pressure waves using the equations of fluids dynamics by Apfel
et al. [44]; in this model, only the energy transferred to the atomic system is considered by
the authors, the electronic component being neglected. We use here the model of the thermal
spike. The dependence of the temperatures of electron and molecular subsystems on the
distance to the track of the projectile (recoil), r, and on the time after its passage, t, are
solutions of two coupled partial differential equations [23]:
Ce (Te)
∂Te
∂t =
1
r
∂
∂r
[
rKe (Te)
∂Te
∂r
]− g (Te − Tmol) +A (r, t)
Cmol (Tmol)
∂Ta
∂t =
1
r
∂
∂r
[
rKmol (Tmol)
∂Tmol
∂r
]
− g (Tmol − Te) +B (r, t) (4.1)
where Te(mol) , Ce(mol), and Ke(mol) are respectively the temperatures, the specific heat, and
the thermal conductivities of the electronic (index e) and molecular subsystems (index mol).
The sources satisfy the conservation laws:∫∞
0 dt
∫∞
0 2pirA (r, t) dr =
(
dE
dx
)
el∫∞
0 dt
∫∞
0 2pirB (r, t) dr =
(
dE
dx
)
n
(4.2)
with
(
dE
dx
)
el
and
(
dE
dx
)
n
the electronic and nuclear linear energy losses, respectively. While the
thermodynamic parameters for LAr were extensively investigated, the ones corresponding to
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Figure 3: Time and space variation of the temperature of the molecular (a) and electronic
system (b) in LAr produced by a µBH of 250 km/s velocity, 10−5 g mass and 30 charge
number.
the electronic subsystem are not known. In the numerical calculations, the values of Cmol
and Kmol for LAr were taken from [45], while for the electronic one the values from Ref. [41]
were used. For the coupling constant between the sub-systems, related to the mean free path
of electrons, a value of 1013 W cm−3K−1 was taken.
In LAr, it is generally agreed that the energy deposited into the electronic subsystem is
divided between ionization and scintillation, 82.6% and 17.4% respectively. Supposing that
the applied electric field directs the electrons to the electrode, we assume that only the part
not assigned to ionization from the electronic energy loss is available for energy exchange with
the molecular subsystem.
In Fig. 3a and 3b the development of the thermal spike in space and time is illustrated.
It is produced by a µBH of 10−5 g mass and 250 km/s velocity. The electronic and molecular
subsystems have different characteristic times, i.e. 5x10−15 and 5x10−13 s respectively. One
can see a small increase of the electronic temperature due to the electronic energy loss, and
another increase due to the transfer from the atomic (molecular) subsystem.
These results highlight the following aspects of the temporal and spatial evolution of
transient phenomena: a) at a time scale of the order of 10−16 s and a spatial scale of atomic
dimensions, the two subsystems receive energy by transfer from the projectile in accordance
with linear energy losses, and keeping into account that only part of the energy transferred to
electronic sub-system is available for exchange; b) at a time scale of the order 5×10−13 s, the
atomic subsystem dominantly transfers energy to the electronic one, which uses it to produce
additional ionizations and excitations. In the case of µBH this is the dominant component
of ionization and excitation energy; c) in these processes, the temperature increase does not
produce liquid-gas phase transition for an initial temperature of LAr of 85 K.
The thermal spike produced by an Ar self-recoil of 300 keV kinetic energy, produced by
the collision with the µBH of 250 km/s velocity and 10−5 g mass at maximum transferred
energy is represented in Fig. 4a and 4b.
The main difference in respect to the thermal spike produced by the µBH consists in
the fact that for the Ar selfrecoil the electronic energy loss is higher, and it produces the
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Figure 4: Time and space variation of the temperature of the molecular (a) and electronic
system (b) of LAr produced by an Ar selfrecoil of 50 keV kinetic energy, resulting from the
interaction of a µBH of velocity 250 km/s, mass 10−5 g and charge number 30 with an Ar
nucleus, at maximum energy transfer.
most important peak in the electronic temperature at times characteristic to the electronic
sub-system, while the peak corresponding to the transfer for the molecular sub-system is
comparatively lower.
The energy transferred from the molecular to the electronic subsystem on unit range
has been calculated [37] as:(
dE
dx
)
ex
=
∫ ∞
0
dt
∫ ∞
0
2pirg (Tmol − Te) dr. (4.3)
In Figure 5 we present the energy transferred by the molecular system to the electronic
one in LAr for the µBH, and for Ar selfrecoils. In all cases, the transfer direction is the same,
i.e. the electronic subsystem receives energy in transient processes in the investigated range
of velocities. These transferred energies modify significantly the initial Lindhard partition of
the energy loss.
The maximum absolute scintillation yield is defined by the average energy (W’ ) to
produce a single photon. For calculation, Doke et al. [46] defined a practical quantity, as:
Wph(max) = W/(1+Nex/Ni), whereW is the average energy required to form an ion-electron
pair. For argon Wph(max) = 19.5± 1.0eV [27].
Although the energy lost by the µBH during its passage through LAr is negligible in
respect to its energy, the energy deposited in the electronic subsystem produces ionizations
and excitations that are at the base of its detection.
Thus, for a µBH of velocity 250 km/s and 10−5 g mass, our calculations revealed that,
following the transfer of energy from the molecular subsystem, (dE/dx )el is 60 keV/µm. The
average energy transferred to an Ar recoil in a head-in collision is 25 keV, and in its turn
it eventually losses 76 keV/ µm as excitations and ionizations, considering also the transfer
from the molecular subsystem. In this conditions 6.97 × 103 photons/µm are estimated and
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Figure 5: Electronic (lines) and nuclear (dashed lines) energy loss for the µBH and Ar
selfrecoils in liquid Ar after the exchange of energy from nuclear to electronic subsystem.
this maximal component will contribute to scintillations.
Consequently, in the analysis of tracks in LAr detectors, the trajectories of these µBH will
appear as crossing the whole active medium, in any direction, producing uniform ionization
and scintillation for all the path.
5 Summary
We investigated the possibility of direct detection of hypothetical objects formed just in the
very early time after the Big Bang, and which survived until now. We considered the case of
black holes with masses around and upward the Planck scale (10−5 g) which ensure classical
gravitational treatment of the objects. The µBH are viable candidates in explaining the nature
of dark matter. Originally proposed by Stephen Hawking in 1971, in recent years these objects
became an important option especially when other highly sought-after candidates have not
been discovered. In this work, using the initial idea of their existence, we considered that such
relics carry electric charges up to 30 in units of e. We discussed some arguments in favour of
the supposition that they do not radiate and thus they have survived until now. The results
obtained for their electronic and nuclear stopping powers in LAr, calculated in the frame
of the Lindhard and Ziegler formalism with consideration of the transient processes treated
in the frame of the thermal spike model, with the consideration of the transfer of energy
between electronic and molecular subsystems, open the possibility of their direct detection in
future generation of huge LAr detectors. The main uncertainty for more realistic predictions
is the flux of these objects. Our estimations show that the discrimination between the signals
(ionization and scintillations) produced by these µBH and other heavy ions or other particles
is possible. There is a clear distinction between expected signals from µBH objects and
WIMPs for example.
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